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Abstract — The purpose of edge detection in general is to
significantly reduce the amount of data in an image, while
preserving the structural properties to be used for further
image processing. Edges are boundaries between different
textures or in other words it can be defined as discontinuities
in image intensity from one pixel to another. The edges for an
image are always the important characteristics that offer an
indication for a higher frequency. Detection of edges for an
image is help for image segmentation, data compression, and
also helps for well matching, such as image reconstruction and
so on. In this paper we have implemented different edge
detection algorithms for different classes of images with salt-
and —pepper noise. And we have done a comparative analysis
of all the results. Basically we have proposed a morphological
based edge detection technique. And obtained a clear result
that this method perform better as compared to traditional
edge detection methods like Sobel operator, Prewitt operator,
Laplacian operator and Canny operator etc.
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I. INTRODUCTION

Edge detection is the most common approach for
detecting meaningful discontinuities in gray level.
Detection of edges for an image is help for image
segmentation, data compression, and also help for well
matching, such as image reconstruction and so on. Medical
images edge detection is an important work for object
recognition of the human organs and it is an important pre-
processing step in medical image segmentation and 3D
reconstruction. In this paper we have used 6 different edge
detection algorithms for different classes of images like
medical, scenery and object images etc. The edge is the set
of the pixel, whose surrounding gray is rapidly changing
[18]. The internal characteristics of the edge-dividing area
are the same, while different areas have different
characteristics. The edge is the basic characteristics of the
image. There is a lot of information of the image in the
edge.

Edge detection is a type of image segmentation
techniques which determines the presence of an edge or line
in an image and outlines them in an appropriate way. The
main purpose of edge detection is to simplify the image
data in order to minimize the amount of data to be
processed. Generally, an edge is defined as the boundary
pixels that connect two separate regions with changing
image amplitude attributes such as different constant
luminance and tristimulus values in an image. The detection
operation begins with the examination of the local
discontinuity at each pixel element in an image
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Edge detection refers to the process of identifying and
locating sharp discontinuities in an image. The
discontinuities are abrupt changes in pixel intensity which
characterize boundaries of objects in a scene.

II. EDGE DETECTION METHODS

To extract the edges there are numbers of method in
literature, here some of them are represented..

A. Laplace of Gaussian

Edges are considered to be present in the first derivative
when the edge magnitude is large compared to the threshold
value. In the case of the second derivative, the edge pixel is
present at a location where the second derivative is zero.
This is equivalent to saying that second derivative of f (x)
has a zero-crossing which can be observed as a sign change
in pixel differences. The Laplacian algorithm is one such
zero-crossing algorithm. However, the problems of the
zero-crossing algorithms are many. The problem with
Laplacian masks is that they are sensitive to noise as there
is no magnitude checking-even a small ripple causes the
method to generate an edge point. Therefore it is necessary
to filter the image before the edge detection process is
applied. This method produces two-pixel thick edges,
although generally, one-pixel thick edges are preferred.
However, the advantage is that there is no need for the edge
thinning process as the zero-crossings themselves specify
the location of the edge points.

To minimize the noise susceptibility of the Laplacian
operator, the Laplacian of Gaussian operator [6] is often
preferred. As a first step, the given image is blurred using
Gaussian operator and then the Laplacian operator is used.
The Gaussian function reduces the noise and hence the
Laplacian minimizes the detection of false edges.

For 1D,

VA (f* g)=f*Vg=f*LOG. (1)
Let 2D Gaussian function be given as
1 wl gl
Go (X, ¥) = 75 xp (- =), @)

To suppress the noise, the image is convolved with the
Gaussian smoothing function before using the Laplacian for
edge detection.

T(Ge (x, y) * £(x, y) = [VGo (x, )] * £ (x,¥) = LOG * f (x, y). (3)
The LOG function can be derived as
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As o increases, wider convolution masks are required for
better performance of the edge operator [3, 8].

B. Sobel Operator

The Sobel operator [1] is based on convolving the image
with a small, separable, and integer valued filter in
horizontal and vertical direction and is therefore relatively
inexpensive in terms of computations. On the other hand,
the gradient approximation that it produces is relatively
crude, in particular for high frequency variations in the
image [3, 8].It is an "Isotropic 3x3 Image Gradient
Operator". The Sobel operator also relies on central
differences. This can be viewed as an approximation of the
first Gaussian derivative. This is equivalent to the first
derivative of the Gaussian blurring image obtained by
applying a 3x3 mask to the image. Convolution is both
commutative and associative, and is given as

)

A 3x3 digital approximation of the Sobel operator is given
as

Lerg=f*Lg
6x dx

VE (X, y)= (27 + 228 +20) — (21 + 225 + 23)| + (23 + 226 + 29)

— (Z| + 2Z4 + Z7)| (6)
The masks are as follows:
-1 =2 =1 -1 @ 1
M,=| @ @ @] and My=|-2 @ 2 (7
1 2 1 -1 0 1

C. Roberts Operator

It was one of the first edge detectors and was initially
proposed by Lawrence Roberts in 1963. As a differential
operator, the idea behind the Roberts cross operator is to
approximate the gradient of an image through discrete
differentiation which is achieved by computing the sum of
the squares of the differences between diagonally adjacent
pixels. Roberts kernels are derivatives with respect to the
diagonal elements. Hence they are called cross-gradient
operators. They are based on the cross diagonal differences.

The approximation of Roberts operator can be
mathematically given as
ar
&ToT (2o — 25) (®)
ar
&= (25 — 2¢) ©)

Roberts mask for the given cross difference is

&= [_ﬂ] Eil] and gy:ﬁ _al] (10)

Magnitude of this vector can be calculated as

f(x, y) = mag (Vf (x, y) = [(g)° + (g)71"
(11
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D. Prewitt Operator

It is adiscrete differentiation operator, computing an
approximation of the gradient of the image intensity
function. At each point in the image, the result of the
Prewitt operator is either the corresponding gradient vector
or the norm of this vector [3]. The Prewitt operator [10] is
based on convolving the image with a small, separable, and
integer valued filter in horizontal and vertical directions and
is therefore relatively inexpensive in terms of computations.
On the other hand, the gradient approximation which it
produces is relatively crude, in particular for high frequency
variations in the image. The Prewitt method takes the
central difference of the neighbouring pixels; this difference
can be represented mathematically as

B x4 1) f(x-1)2 (12)
i

For two dimensions, this is
fx+1,y)-fx-1,y)/2 (13)

This method is very sensitive to noise. The Prewitt
approximation using 3x3 mask is as follows

VE (X, ¥)= (21 + 25 t20) — (21 + 20+ 23)| + (23 + 26 + 29) —
(21 + 24+ 27)| (14)

The approximation is known as the Prewitt operator. Its
masks are as follows

-1 -1 - -1 01
My=|0 @ @fand My=|=1 @ 1 (15)
1 1 1 -1 01

E. Canny Edge Detector

The Canny edge detector is an edge detection operator
that uses a multi-stage algorithm to detect a wide range of
edges in images. The Canny edge detection algorithm is
known to many as the optimal edge detector with regards to
the following criteria:

1. Detection: The probability of detecting real edge points
should be maximized while the probability of falsely
detecting non-edge points should be minimized. This
corresponds to maximizing the signal-to-noise ratio.

2. Localization: The detected edges should be as close as
possible to the real edges.

3. Number of responses: One real edge should not result in
more than one detected edge

Canny edge algorithm based on some criterion. The
first and most obvious is low error rate. It is important that
edges occurring in images should not be missed and that
there be NO responses to non-edges. The second criterion is
that the edge points be well localized. In other words, the
distance between the edge pixels as found by the detector
and the actual edge is to be at a minimum. A third criterion
is to have only one response to a single edge [8]. This was
implemented because the first 2 were not substantial
enough to completely eliminate the possibility of multiple
responses to an edge. Based on these criteria, the canny
edge detector first smoothes the image to eliminate and
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noise. It then finds the image gradient to highlight regions
with high spatial derivatives. The algorithm then tracks
along these regions and suppresses any pixel that is not at
the maximum (non maximum suppression). The gradient
array is now further reduced by hysteresis. Hysteresis is
used to track along the remaining pixels that have not been
suppressed. Hysteresis uses two thresholds and if the
magnitude is below the first threshold, it is set to zero
(made a non edge). If the magnitude is above the high
threshold, it is made an edge. And if the magnitude is
between the two thresholds, then it is set to zero unless
there is a path from this pixel to a pixel with a gradient
above threshold two.

The Canny Edge Detection Algorithm runs in 5
separate steps:

1. Smoothing: Blurring of the image to remove noise.

2. Finding gradients: The edges should be marked where
the gradients of the image has large magnitudes.

3. Non-maximum suppression: Only local maxima should
be marked as edges.

4. Double thresholding: Potential edges are determined by
thresholding.

5. Edge tracking by hysteresis: Final edges are determined
by suppressing all edges that are not connected to a
very certain (strong) edge.

F. Morphological Operator

The basic mathematical morphological operators are
dilation and erosion and the other morphological operations
are the synthesization of the two basic operations. In the
following, we introduce some basic mathematical
morphological operators of grey-scale images [8].

Let F(X, y) denote a grey-scale two dimensional image,
C denote structuring element. Dilation of a grey-scale
image F(X, ¥) by a grey-scale structuring element C(s, t) is
denoted by

Folimy) = max{Fx-ar -t + 0] (16)

Erosion of a grey-scale image F(X, y) by a grey-scale
structuring element C(s, t) is denoted by

Fo Clzx vl = minfFlx + sy + tf - Cle gl (17)

Opening and closing of grey-scale image F(X, y) by grey-
scale structuring element C(S, t) are denoted respectively

FeC=(F8O@C ()
FrC=(FEEC (19

Erosion is a transformation of shrinking, which
decreases the grey-scale value of the image, while dilation
is a transformation of expanding, which increases the grey-
scale value of the image. But both of them are sensitive to
the image edge whose grey-scale value changes obviously.
Erosion filters the inner image while dilation filters the
outer image. Opening is erosion followed by dilation and
closing is dilation followed by erosion. Opening generally
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smoothes the contour of an image, breaks narrow gaps. As
opposed to opening, closing tends to fuse narrow breaks,
eliminates small holes, and fills gaps in the contours.
Therefore, morphological operation is used to detect image
edge, and at the same time, denoise the image.

1. Dilation Residue Edge Detection

The edge of image F, which is denoted by Eq4 (F), is
defined as the difference set of the dilation [8, 9] domain of
F and the domain of F. This is also known as dilation
residue edge detector:

Ed(Fl =(F & Q-F

2. Erosion Residue Edge Detection

(20)

Accordingly, the edge of image F, which is denoted by
Ee (F), can also be defined as the difference set of the
domain of F and the erosion domain of F. This is also
known as erosion residue edge detector:

Ee (7} =F-(FEC) Q1)

3. Morphological Gradient operation (combination of
Dilation and Erosion)

The dilation and erosion [8, 9] often are used to
compute the morphological gradient of image F, denoted by
G (F):

CF)=(F & €) - (FOE)
The morphological gradient highlights sharp gray-level
transition in the input image.

(22)

4. Combination of Opening, Closing, Dilation and
Erosion

In this method Opening-closing operation [9] is firstly
used as pre-processing to filter noise. Then smooth the
image by first closing and then dilation. The perfect image
edge will be got by performing the difference between the
processed image by above process and the image before
dilation. The following relation is the

(M el e C-HC (23)
Where, pf = (Fe€io €

Or
Hel—-(e«jed .29

Where, M =i{Fe(C)e(

III. EXPERIMENTAL RESULT

We have taken an image ‘engine.jpg’ with dimension
460x 360 and add the salt and pepper noise of noise [9]
density 0.1. The noisy image is shown in figure 1.

[Fig.1 (a) Original Image (b) Image added with salt and pepper noise]
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A. Laplacian Gaussian Filter

In this method we have created a two dimensional filter
kernel of type Laplacian Gaussian filter of size 5 with
standard deviation 0.4. Then the edge detection done by
filtering operation using the Laplcian Gaussian kernel, the
edge detected output is of same size that of the input image
to the filter. The edge detected output using Lapcian
Gaussian filter is shown in figure 2.

[Fig.2 (a) Noisy Image (b) Laplacian Gaussian filter edge detected
output]

B. Sobel Operator

In this method the edge has been detected by using the
sobel mask given in equation 7. The gradient
approximations for both kernels are combined to form
gradient magnitude which gives the sobel edge detected
output. The Sobel method finds edges using the Sobel
approximation to the derivative. The edge detected output
shown in figure 3.

g b

[Fig.3 (a) Noisy Image (b) Edge detected output using Sobel Operator]

C. Roberts operator

In this method the difference between adjacent pixel was
determined. The Robert kernels which we have taken are
derivatives with respect to diagonal elements. The Robert
kernel returns edge at the points where the gradient of
image is maximum. The edge detected output using Robert
operator is shown in figure 4.

[Fig.4 (a) Noisy Image (b) Edge detected output using Robert Operator]
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D. Prewitt Operator

In this method the detection of points where the gradient
of the image is maximum is done by using Prewitt
approximation to the derivative. This method is very
sensitive to noise. The edge detected output using Prewitt
operator is shown in figure 5.

[Fig.5 (a) Noisy Image (b) Edge detected output using Prewitt Operator]

E. Canny Edge Detector

We have first computed the gradient of smoothed image.
Then only the local maximum is taken as edge points. After
a thresholding operation we suppressed all the edges which
are not connected and the final output which represents the
canny edge detected output is shown in figure 6.

Carery v

[Fig.6 (a) Noisy Image (b) Edge detected output using Canny Edge
Detector]

F. Morphological gradient operation

In this method we have created a structuring element.
Then the image was dilated and eroded using the
structuring element. Both results were gone for a
subtraction operation. The subtracted result gives the edge
detected image through morphological gradient operation.
The result then shown in figure 7.

[Fig.7 (a) Noisy Image (b) Edge detected output using Morphological
gradient Operator]

G. Dilation Residue edge detection

In case of dilation residue method, the image is dilated
using the structuring element and the original image is
subtracted from the dilated image which gives the edge
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detected image using dilation residue method. The result is
shown in figure 8.

S acha wige detn

[Fig.8 (a) Noisy Image (b) Output of Dilation Residue edge detector]
H. Erosion Residue edge detection

In case of erosion residue method, the image is dilated
using the structuring element and the original image is
subtracted from the eroded image which gives the edge
detected image using erosion residue method. The result is
shown in figure 9.

e seistin wige dact

[Fig.9 (a) Noisy Image (b) Output of Erosion Residue edge detector]

I.  Morphological Gradient operation (combination of
Dilation and Erosion)

In this method both dilation and erosion residue method
are combined to gives good result. The final edge detected
image is given in figure 10.

e ]

[Fig.10 (a) Noisy Image (b) Output of combination of all
morphological operators]

We have applied the above methods not to the original
image rather we have added the salt and pepper noise to
make the result robust. We have applied all the methods to
image

varieties of
animations etc.

including objects, scene images,

[Fig.11 Edge detected output using all methods for ‘disnip.jpg’]

www.ijcsit.com

We have shown some of the sample image added with
noise and their edge detection using different methods in
ﬁgure 11, 12, 13 and 14.

[Fig.12 Edge detected output using all methods for ‘tiger.jpg’]

[Fig.13 Edge detected output using all methods for ‘house.jpg’]

[Fig.14 Edge detected output using all methods for ‘coins.jpg’]

The results shows that out of the conventional method
canny edge detection methods showing a good response,
but the morphological method giving better results where
the combination of all morphological methods give much
more clear edge detected images.

IV.CONCLUSIONS

In this paper we have considered all the traditional edge
detection methods and compare results with that of the
morphological methods. The traditional edge detection
operators (include Sobel operator, Prewitt operator,
Laplacian operator and Canny operator) we have used to do
edge detection. Mostly we have added salt and pepper noise
to the images, but these methods can not remove salt and
pepper noise very well. At last, then we have proposed the
morphological based edge detection methods, out of which
he combination of all the morphological method can
emove the noise effectively and can detect the edge detail
ery well. We have experimented this technique on
arieties of image to conclude a comparative result..
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